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(54) METHOD OF MANUFACTURING PIN HOLDING RING FOR INTERNAL GEAR, INTERNALLY 
MESHED PLANETARY GEAR STRUCTURE, AND HYDRAULIC MOTOR AND PUMP 


(57) To improve the sliding rotations of pins within 
pin (roller) retaining holes 1 13a. A method of fabricating 
a pin (roller) retaining ring in an internal meshing gear 
mechanism, the mechanism having an internal gear 20. 
and external gears 5a, 5b put into internal mesh with the 
internal gear, the internal gear consisting of a pin (roller) 
retaining ring 110 having half-round pin (roller) retaining 
holes in its inner periphery and pins (rollers) 1 1 rotata- 
bly fitted to the respective pin retaining holes, is pro- 
vided. Here, before the bore diameter 0DA of a pin 
retaining ring base material 151 is machined to a fin- 
ished diameter, the pin retaining holes 11 3a are cut as 
full round holes into the ring base material. The inner 
surfaces of the pin retaining holes 113a are finished by 
roller burnishing, and then the bore diameter of the pin 
retaining ring is expanded to the finished diameter to 
obtain the pin retaining ring having the half-round pin 
retaining holes. This realizes the lubrication between 
the pin retaining holes and the pins in a state close to 
fluid lubrication. 
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description 
Technical Field 

[0001] The invention relates to a method of fabricat- 
ing an internal-gear pin retaining ring for retaining pins 
(conceptually including rollers of great diameter) in an 
internal meshing gear mechanism having an internal 
gear, whose teeth are constituted by the pins, and an 
external gear put into internal mesh with the internal 
gear. 

[0002] The invention also relates to internal mesh- 
ing planetary gearing or a hydraulic motor pump fabri- 
cated through the use of this fabrication method. 

Background Art 

[0003] Those internal meshing gear structures 
heretofore known widely include a double row type 
internal meshing planetary gear structure comprising: a 
first shaft; eccentric bodies which are rotated by the 
rotation of the first shaft; a plurality of external gears 
attached to the eccentric bodies via bearings so as to 
be capable of eccentric rotations; an internal gear which 
comes into internal mesh with the external gears via its 
inward teeth constituted by outer pins; and a second 
shaft coupled to the external gears via inner pins which 
extract only the rotational components of the external 
gears. 

[0004] Figs. 17 and 18 show a conventional exam- 
ple of this structure. In this conventional example, the 
above-described structure is applied to "reduction 
gears" by making the first shaft an input shaft, making 
the second shaft an output shaft, and fixing the internal 
gear. 

[0005] On the input shaft 1 are fitted eccentric bod- 
ies 3a and 3b with a predetermined phase difference 
therebetween (180°, in this example). Each of the 
eccentric bodies 3a and 3b is off the center of the input 
shaft 1 (center 01 ) by an eccentricity e (center 02). Two 
external gears 5a and 5b are attached in double rows to 
the respective eccentric bodies 3a and 3b via bearings 
4a and 4b. These external gears 5a and 5b have a plu- 
rality of inner roller holes 6a and 6b through which inner 
pins 7 and inner rollers 8 are inserted. 
[0006] The external gears are provided in two (in 
double rows) mainly for the sake of enhancing the trans- 
mission capacity, maintaining the strength, and keeping 
the rotational balance. 

[0007] On the outer peripheries of the external 
gears 5a and 5b mentioned above are provided outward 
teeth 9 .of trochoidal tooth profile or circular arc tooth 
profile. The outward teeth 9 are put into internal mesh 
with the internal gear 20 which is fixed to a casing 12. 
The internal gear 20 consists of a pin retaining ring 10 
and outer pins 1 1 . The pin retaining ring 1 0 has a plural- 
ity of axially-extending pin retaining holes 13 of half- 
round shape in its inner periphery. The outer pins 1 1 are 
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rotatably fitted to the pin retaining holes 13 with some 
play, and form circular arc teeth with the portions 
exposed from the pin retaining holes 13. 
[0008] The inner pins 7 penetrating through the 
5 external gears 5a and 5b mentioned above are firmly . 
fixed or fitted to a flange portion around the output shaft 
2. 

[0009] One rotation of the input shaft 1 makes one 
rotation of the eccentric bodies 3a and 3b. This one 
10 rotation of the eccentric bodies 3a and 3b urges the 
external gears 5a and 5b to oscillate and rotate about 
the input shaft 1 . However, since their rotations on the 
axis are restricted by the internal gear 20, the external 
gears 5a and 5b almost exclusively make oscillations 

75 while internally meshing with this internal gear 20. 

[0010] Now, given that the number of teeth on the 
external gears 5a and 5 b is N and the number of teeth 
on the internal gear 20 is N+1. the difference between 
the numbers of teeth is 1. Accordingly, each rotation of 

20 the input shaft 1 shifts (rotates) the external gears 5a 
and 5b with respect to the internal gear 20 fixed to the 
casing 12, by the amount corresponding to one tooth. 
This means that one rotation of the input shaft 1 is 
reduced to -1/N rotations of the external gears 5a and 

25 5b. 

[0011] The oscillating components in the rotations 
of the external gears 5a, 5b are absorbed by the clear- 
ances between the inner roller holes 6a, 6b and the 
inner pins 7 (inner rollers 8). Thus, only the rotational 
30 components thereof are transmitted via the inner pins 7 
to the output shaft 2. 

[001 2] This consequently achieves speed reduction 
of -1/N in reduction ratio (the negative sign represents a 
reverse rotation). 

35 [0013] Incidentally, this internal meshing planetary 
gear structure is now being applied to various kinds of 
reduction gears or step-up gears. For example, while 
the first shaft and the second shaft make the input shaft 
and the output shaft and the internal gear is fixed in the 

40 structure described above, reduction gears can also be 
constructed by making the first shaft the input shaft, 
making the internal gear the output shaft, and fixing the 
second shaft. Moreover, "step-up gears" can be con- 
structed by reversing the input and output shafts in 

45 these structures. 

[0014] By the way, in order to miniaturize the inter- 
nal meshing planetary gear mechanism of this type and 
enhance its load capacity, the internal gear 20, among 
those parts having meshing portions or sliding portions, 

so must be made to have high strength properties. In addi- 
tion, the external gears 5a, 5b, the outer pins 11, the 
inner rollers 8, the inner pins 7, the bearings 4a, 4b, and 
the eccentric bodies 3a, 3b must be made to have both 
high strength properties and high hardness properties. 

55 Therefore, the parts mentioned above are usually fabri- 
cated of metal materials having such properties. 
[0015] The metal materials having high strength 
properties and high hardness properties, however, com- 
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monly have relatively greater coefficients of friction. 
Therefore, the sliding contact surfaces using these 
metal materials requireYoil or grease lubrication. Since 
the lubrications are achieved by/forming an oil film on 
the contact surfaces, clearances therefor must be 5 
formed between the mutual contact surfaces in the 
transmission mechanism. These clearances are also 
necessary to absorb elastic deformations produced in 
power transmission and machining errors of the compo- 
nent parts. - : 10 
[0016] Such clearances can cause play and back- 
lash of the entire mechanism, thereby precluding rota- 
tions on one side from taking the form of rotations on the 
other side immediately. Such a delay in response will 
hereinafter be referred to as angle backlash. The angle 15 
backlash like this can cause a drop in control accuracy 
when the transmission mechanism is used as a control 
mechanism. Elimination'- of Viich angle backlash 
requires that the clearances beVreduced, which unfavo- 
rably lowers the lubrication performance in terms of 20 
lubricating-oil maintenance. Consequently, the reduc- 
tion of angle backlash and the improvement of lubrica- 
tion remain contradictory to each other. In particular, 
control mechanisms prefer smaller friction on their con- 
tact surfaces since they repeat starts and stops fre- 25 
quently, while lubrication is an inevitable technical 
matter in reducing friction. Eventually, the reduction of 
angle backlash would be a technical matter of great dif- 
ficulty. 

[0017] In the meantime, it is also publicly known to 30 
form chemical conversion coating, such as phosphatic 
coating, on the sliding portions to lower the coefficient of 
friction on the sliding portions. This chemical conversion 
coating itself does not posses a low coefficient of fric- 
tion, but retains a large amount of lubricating oil in its 35 
minute asperities to achieve the low coefficient of fric- 
tion. 

[001 8] In this view, the chemical conversion coating 
mentioned above may be applied to the meshing por- 
tions and the sliding contact surfaces in a transmission 40 
mechanism. The chemical conversion coating itself, 
however, is easy to wear, and a problem exists because 
the coating comes off in a short time. 
[0019] With the objective of providing a structure 
and a fabrication method of a contact surface for reduc- 45 
ing the clearances between the contact surfaces in a 
transmission unit and allowing long-term maintenance 
of lubricating oil, the present applicants have proposed, 
in Japanese Patent Application No.Sho 60-271649 
(Japanese Patent Publication No.Hei 2-36825, Japa- so 
nese Patent No. 1623717), a contact surface which 
comprises: a contact surface having irregular surfaces 
formed along and across the tooth trace direction of the 
grinding texture on a tooth; and chemical conversion 
coating formed on the contact surface with a thickness 55 
smaller than the height of the irregularities. 
[0020] Here, as an example of the internal meshing 
planetary gear structure of this type in use, a publicly- 


known trochoidal type hydraulic motor will be described 
with reference to Figs. 22 and 23. 
[0021] This trochoidal hydraulic motor consists of 
three parts, i.e., an output mechanism part A, a dis- 
placement mechanism part B, and a valve mechanism 
part C. The output mechanism part A has an output 
shaft 502 rotatably supported by bearings 501 . The dis- 
placement mechanism part B has an internal gear 503, 
and an external gear 504 coming into internal mesh 
therewith. These gears form volume change rooms 51 1 
between their teeth. The valve mechanism part C has a 
valve plate 505 which rotates to switch hydraulic oil 
channels. The valve mechanism part C functions to dis- 
tribute and supply the pump-supplied hydraulic oil to the 
volume change rooms 51 1 in the displacement mecha- 
nism part B as well as to recover the return-side oil from 
the volume change rooms 51 1 . 
[0022] The transmission of rotational power 
between the output mechanism part A and the displace- 
ment mechanism part B is carried out by a first trans- 
mission shaft 506. The transmission of rotational power 
between the displacement mechanism part B and the 
valve mechanism part C is carried out by a second 
transmission shaft 507. For that purpose, both ends of 
the first transmission shaft 506 are engaged with the 
output shaft 502 in the output mechanism part A and the 
external gear 504 in the displacement mechanism part 
B via loose splines 561 and 562, respectively. In addi- 
tion, both ends of the second transmission shaft 507 are 
engaged with the external gear 504 in the displacement 
mechanism part B and the valve plate 505 in the valve 
mechanism part C via loose splines 571 and 572, 
respectively. 

[0023] Here, the first transmission shaft 506 func- 
tions to remove the oscillating components from the 
oscillating rotations that the external gear 504 makes in 
the displacement mechanism part B, so that only the 
rotational components are taken out to the output shaft 
502 as rotational power. Then, the second transmission 
shaft 507 functions to remove the oscillating compo- 
nents from the oscillating rotations that the external 
gear 504 makes in the displacement mechanism part B, 
so that only the rotational components are taken out to 
the valve plate 505 as rotational power. 
[0024] The internal gear 503, or one of the compo- 
nents of the displacement mechanism part B, com- 
prises a roller retaining ring 532 and rollers 533. The 
roller retaining ring 532 has a plurality of axial ly-extend- 
ing roller retaining holes of half-round shape 531 in its 
inner periphery. The rollers 533 are fitted to the respec- 
tive roller retaining holes 531, and form circular arc 
teeth with the portions exposed from the roller retaining 
holes 531 . Besides, the external gear 504 adopts a tro- 
choidal tooth profile for its teeth. The number of teeth on 
the external gear 504 is set to be one fewer than the 
number of teeth on the internal gear 503. Furthermore, 
the center 04 of the external gear 504 is off the center 
03 of the internal gear 503. With the contact points of 
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their tee^h, me external gear 540 and the internal gear 
503 form the volume change rooms 551 of the same 
number as the number of teeth on the internal gear 503 
(seven, in the case of the shown example). 

[0025] Next, description will be given of the func- 5 
tions. 

[0026] When hydraulic oil is selectively fed through 
the valve mechanism part C to predetermined volume 
change rooms 551 in the displacement mechanism part 
B, the volume change rooms 551 successively change w 
in volume (expands and contracts) so that the external 
gear 504 makes oscillating rotations about the center 
03 of the internal gear 503. This rotational power is 
transmitted from the external gear 504 through the first 
transmission shaft 506 to the output shaft 502, and only is 
the rotational components thereof without any eccentric 
movement are taken out from the output shaft 502 to 
exterior. 

[0027] Parenthetically, when using this motor as a 
pump, rotational power is applied to the output shaft 502 20 
in contrast to the foregoing, so that the volume change 
rooms 51 1 change in volume to draw the hydraulic oil 
out to the exterior through the valve plate 505. 
[0028] In the trochoidal type hydraulic motor (pump) 
described above, the internal gear 503 and the external 25 
gear 504 come into internal mesh with each other so as 
to achieve the functions of transmitting power and sec- 
tioning the volume change rooms 511. As long as the 
function of power transmission is concerned alone, the 
internal mesh has only to be established between the 30 
individual teeth of the internal gear 503 and part of the 
teeth of the external gear 504. Therefore, for example, 
the tooth profile curve of the external gear 504 can be 
modified so that only the concave portions of the teeth 
on the external gear 504 come into mesh with the teeth 35 
of the internal gear 503 for strength maintenance and 
friction reduction. In a motor/pump use, however, the 
individual teeth need to mesh all the time because the 
function of strictly sectioning the volume change rooms 
51 is also required. 40 
[0029] Thus, the contact portions between the tooth 
profiles are large in number. Accordingly, in order to 
achieve smaller configuration and higher pressure, the 
external gear, among those component parts having 
meshing portions or sliding portions, must be made to 45 
have high strength properties, and the internal gear be 
made to have high hardness properties. On this 
account, both the external gear and the internal gear 
are usually fabricated of metal materials having rela- 
tively higher coefficients of friction. This, however, con- so 
tributes to a drop in power conversion efficiency and a 
temperature rise of the fluid in use. 
[0030] In consideration of this, it has been proposed 
to line the tooth surfaces with low-friction material or 
apply electroless coating to the tooth surfaces so as to 55 
lower the coefficients of friction. However, the problem 
of friction, in fact, has not been fully solved yet. 
[0031] Meanwhile, in this field of utilization as a 


hydraulic motor pump, it is also known that chemical 
conversion coating, such as phosphatic coating, is 
applied to the sliding portions of the machine to lower 
the coefficients of friction on the sliding portions. As 
described before, this chemical conversion coating itself 
does not posses a low coefficient of friction, but retains 
a large amount of lubricating oil in its minute asperities 
to achieve the low coefficient of friction. 
[0032] The publicly-known chemical conversion 
coating mentioned above can also be applied to the 
tooth meshing portions and the sliding contact portions 
in a trochoidal type hydraulic motor. However, the chem- 
ical conversion coating itself is quite easy to wear, so 
that a problem exists since the coating comes off in a 
short time. 

[0033] On this account, in the filed of trochoidal type 
hydraulic motor pumps, a method as described above, 
of forming a tooth contact surface comprising a contact 
surface having irregular surfaces formed along and 
across the tooth trace direction of the grinding texture 
on a tooth, and chemical conversion coating formed on 
the contact surface with a thickness smaller than the 
height of the irregularities can be used with the objective 
of providing contact surfaces which can reduce the 
coefficient of friction on the tooth contact surfaces 
between the external gear and the internal gear as well 
as achieve the reduction of power losses. 
[0034] Nevertheless, in any of these publicly-known 
methods, attention was paid to the achievement of high 
efficiency and long life by reducing the coefficients of 
friction on the tooth contact surfaces between the exter- 
nal gear and the internal gear. Therefore, none of them 
had the concept of improving (fluid-lubricating) the slid- 
ing rotations of the pins with respect to the pin retaining 
holes. 

[0035] Accordingly, the pin retaining holes 13 (roller 
retaining holes 531) heretofore were subjected only to 
broaching or gear shaping, or if high accuracy was par- 
ticularly required, to bore grinding by using a small- 
diameter grindstone 40 (540) as shown in Fig. 19 (Fig. 
24). 

[0036] To be more specific, the cutting by a conven- 
tionally publicly-known broach applied cuts (shearing of 
material) all the way to the final step of the machining. 
Therefore, as shown in Fig. 20 (Fig. 25), the pin retain- 
ing holes 13 (roller retaining holes 531) were at best not 
smaller than approximately 5-10 |im in circumferential 
roughness, depending on the state of wear of the 
broach and the sharpness according to the machining 
conditions. Similarly, even in the gear shaping, the pin 
retaining holes 13 (roller retaining holes 531) had a cir- 
cumferential roughness not smaller than approximately 
1-2 Jim, as shown in Fig. 21 (Fig 26). Moreover, even 
when these machined articles were subjected to the 
grinding as shown in Fig. 19 (Fig. 24), the pin retaining 
holes 13 (roller retaining holes 531) had a circumferen- 
tial roughness not smaller than 1-2 |im since the final 
step of the machining was still shearing of material. 
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[0037] * Accordingly, as the external gears 5a and 5b 
(504) meshed with the internal gear 20 (503), the outer 
pins 1 1 (rollers 533) made sliding rotations in the pin 
retaining holes 13 (roller retaining holes 531) with great 
frictional losses, which contributed to low efficiency par- 5 
ticularly on startups, shorter parts life, increased noise, 
and the like. 

[0038] In view of the foregoing, it is an essential 
object of the present invention to provide a method of 
fabricating an internal-gear pin retaining ring of an inter- 10 
nal meshing gear mechanism, capable of improving the 
sliding rotations of the pins (outer pins or rollers) in the 
pin (roller) retaining holes and reducing the friction 
losses produced between the pins and the pin retaining 
holes to achieve improved efficiency, longer life, and 75 
lower noise. 

Disclosure of the Invention 

[0039] With consideration given to the power trans- 20 
mission characteristics between the external gear(s) 
and the internal gear, and with attention directed to the 
fact that most of the meshing between the teeth of the 
external gear(s) and the teeth (pins, rollers) of the inter- 
nal gear are of rolling contact while the pins (outer pins, 25 
rollers) and the pin retaining holes (roller retaining 
holes) make sliding contact therebetween, the present 
invention is to bring the lubrication between the pins and 
the pin retaining holes close to fluid lubrication so as to 
realize the higher efficiency, the longer life, and the 30 
lower noise at lower costs. • 

[0040] More specifically, the invention of claim 1 
has solved the foregoing problems through the provi- 
sion of a method of fabricating a pin retaining ring for an 
internal gear in an internal meshing gear mechanism, 35 
the internal meshing gear mechanism having the inter- 
nal gear and an external gear put into internal mesh 
with the internal gear, the internal gear consisting of the 
pin retaining ring having a plurality of axially-extending 
pin retaining holes of half-round shape in its inner 40 
periphery and pins rotatably fitted to the respective pin 
retaining holes, the pins forming circular arc teeth with 
the portions exposed from the pin retaining holes, the 
external gear having teeth corresponding to the circular 
arc teeth. Here, the method comprises the steps of cut- 45 
ting the pin retaining holes, and plastically finishing the 
inner surfaces of the pin retaining holes by roller bur- 
nishing. 

[0041] In this connection, the roller burnishing is a 
method for working the inner surfaces of the pin retain- so 
ing holes into smooth finished surfaces by pressing 
compaction rollers having a smooth surface against the 
inner surfaces of the pin retaining holes and rotating the 
same so that the inner surfaces of the pin retaining 
holes undergo plastic deformation and work hardening. 55 
List 

[0042] The application of this roller burnishing 
makes it possible to reduce the height of the asperities 


on the inner surfaces of the pin retaining holes to less 
than 0.5 jum, as well as to density the metallographic 
structure of the surfaces of the pin retaining holes. This 
consequently achieves higher efficiency and longer life. 
[0043] Alternatively, for example, it may be adopted 
a method in which a blanking tool used in the broaching 
is provided with a mirror finished potion of somewhat 
greater diameter at the final end thereof, so that the 
inner surface of the pin retaining holes are crushed 
through plastic deformation using the mirror finished 
potion of somewhat greater diameter of the blanking 
tool. However, it has been confirmed that this method 
cannot offer a sufficient effect because the inner sur- 
faces is crushed only in the axial directions when the 
blanking tool is moved axially. In the present invention, 
favorable mirror surfaces are obtained since the mirror 
surfaces are finished by roller burnishing after the cut- 
ting. 

[0044] By the way, when the roller burnishing is 
employed to finish "half-round" inner surfaces in finish- 
ing the inner surfaces of the pin retaining holes through 
plastic deformation, a problem exists because this 
machining method is different from cutting in having 
extreme difficulty in machining the half-round inner sur- 
faces with precise centering. For this reason, while 
smoothness can be secured in terms of surface rough- 
ness, it is still impossible to finish the half circles with 
precision (in dimension) required for the pin retaining 
holes in an internal meshing gear mechanism of this 
type. 

[0045] Then, the invention of claim 2 has solved the 
foregoing problems through the provision of a method of 
fabricating a pin retaining ring for an internal gear in an 
internal meshing gear mechanism, the internal meshing 
gear mechanism having the internal gear and an exter- 
nal gear put into internal mesh with the internal gear, the 
internal gear consisting of the pin retaining ring having a 
plurality of axially-extending pin retaining holes of half- 
round shape in its inner periphery and pins rotatably fit- 
ted to the respective pin retaining holes, the pins form- 
ing circular arc teeth with the portions exposed from the 
pin retaining holes, the external gear having teeth corre- 
sponding to the circular arc teeth. Here, the method 
comprises the steps of: cutting the pin retaining holes 
as full round holes into a pin retaining ring base material 
having such a bore diameter (including zero) as to 
include the pin retaining holes in the form of full round 
holes; after the cutting step, plastically finishing the 
inner surfaces of the respective pin retaining holes by 
roller burnishing; and after the plastic finishing step, 
expanding the bore diameter of the pin retaining ring to 
a finished diameter so that the respective pin retaining 
holes having their inner surfaces finished as the full 
round holes are opened at the portions closer to the ring 
inner periphery to form the pin retaining holes of half- 
round shape. 

[0046] The invention of claim 3 has solved the fore- 
going problems through the provision of a method of 
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fabricating a* pin retaining ring for ari ; internal gear in an 
internal meshing gear mechanism', the internal meshing 
gear mechanism having the. internal gear and an exter- 
nal gear put into internal mesh with the internal gear, the 
internal gear consisting of the pin retaining ring having a 5 
plurality of axially-extendingpin retaining holes of half- 
round shape in its inner periphery and pins rotatably fit- 
ted to the respective pin retaining holes, the pins form- 
ing circular arc teeth with the portions exposed from the 
pin retaining holes, the external gear having teeth corre- w 
sponding to the circular arc teeth; Here, the method 
comprises the steps of: cutting opening pin retaining 
holes of half-round shape into the inner periphery of the 
pin retaining ring; after the cutting ,step, fitting a circular 
guide having half-round holes corresponding to the pin 15 
retaining holes formed in it$ outer periphery to the inner 
periphery of the pin retaining^ ing so that the half-round 
holes formed in the outer pepjphery.of the guide and the 
half-round pin retaining holes in the* pin retaining ring 
constitute full round holes; after the guide fitting step, 2 o 
plastically finishing by roller burnishing the inner sur- 
faces of the full round holes formed by the coalescence 
of the guide and the pin retaining* ring; and after the 
plastic finishing step, detaching the guide from the pin 
retaining ring. 25 
[0047] The invention of claim 4 has solved the fore- 
going problems by any of claims 1-3 further providing 
with the step of applying chemical conversion coating to 
the inner surfaces of the pin retaining holes after the 
completion of the plastic finishing to the pin retaining 30 
holes. 

[0048] Now, claims 5-8 are to apply the fabrication 
methods of claims 1-4 to the fabrication of an internal 
gear in a hydraulic motor pump. Claims 9 and 10 relate 
to internal meshing planetary gearing and a hydraulic 35 
motor pump having an internal gear according to those 
appropriate fabrication methods. 
[0049] According to the present invention, a fluid 
lubrication state can be created between the pin retain- 
ing holes and the pins to improve the sliding rotations of 40 
the pins. In particular, assuming an identical oil temper- 
ature, the pins and the pin retaining holes can secure oil 
films therebetween up to higher loads. Assuming an 
identical load, the pins and the pin retaining holes can 
secure oil films therebetween up to higher tempera- 45 
tures. Therefore, the losses in the sliding portions can 
be made smaller to enhance both the startup efficiency 
from a stopped state and the dynamic efficiency in an 
operating state. In addition, the enhanced efficiencies 
decrease a rise in temperature, thereby allowing minia- so 
turization of reduction gears and the like. Moreover, the 
improved lubrication can extend parts life and reduce 
noise, as well as decrease angle backlash. Besides, the 
simple configuration of improving the pin retaining holes 
in finished precision can achieve output maximization 55 
while keeping the compactness. Furthermore, applica- 
tion of chemical conversion coating allows the preven- 
tion of initial burning to be compatible with the 
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securement of fluid lubrication through the improvement 
in surface roughness. 

Brief Description of the Drawings 
[0050] 

Fig. 1 is a plan view of a pin retaining ring base 
material, for use in describing the method of fabri- 
cating a pin retaining ring according to a first 
embodiment of the present invention; 
Fig. 2 is a plan view showing the pin retaining ring 
base material having pin retaining holes, or full 
round holes, formed therein; 
Fig. 3 is a sectional side view showing roller bur- 
nishing being applied to a pin retaining hole drilled 
as the full round hole; 

Fig. 4 is a sectional view taken along the arrowed 
line IV-IV of Fig. 3; 

Fig. 5 is a plan view of a pin retaining ring having 
pin retaining holes of half-round shape, completed 
by expanding the bore diameter of the pin retaining 
ring base material; 

Fig. 6 is a diagram showing the circumferential sur- 
face roughness of a pin retaining hole obtained 
through the burnishing; 

Fig. 7 is a plan view of a pin retaining ring base 
material after its machining, for use in describing 
the method of fabricating a pin retaining ring 
according to a second embodiment of the present 
invention; 

Fig. 8 is a plan view showing a circular guide being 
fitted to the inner periphery of the pin retaining ring 
so that pin retaining holes of full round shape, capa- 
ble of roller burnishing are formed; 
Fig. 9 is a plan view of a roller retaining ring base 
material, for use in describing the method of fabri- 
cating a roller retaining ring according to a third 
embodiment of the present invention; 
Fig. 10 is a plan view showing the roller retaining 
ring base material having roller retaining holes, or 
full round holes, formed therein; 
Fig. 11 is a sectional side view showing roller bur- 
nishing being applied to a roller retaining hole 
drilled as the full round hole; 
Fig. 12 is a sectional view taken along the arrowed 
line XII-XII of Fig. 11; 

Fig. 1 3 is a plan view of a roller retaining ring having 
roller retaining holes of half-round shape, com- 
pleted by expanding the bore diameter of the roller 
retaining ring base material mentioned above; 
Fig. 14 is a diagram showing the circumferential 
surface roughness of a roller retaining hole 
obtained through the burnishing; 
Fig. 15 is a plan view of a roller retaining ring after 
its machining, for use in describing the method of 
fabricating a roller retaining ring according to a 
fourth embodiment of the present invention; 
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Fig. ) 6 is a plan view showing a circular guide being 
fitted to the inner periphery of the roller retaining 
ring so that roller retaining holes of full round shape, 
capable of roller burnishing are formed; 
Fig. 1 7 is a sectional view of an internal meshing 5 
planetary gear mechanism shown as a conven- 
tional example of the internal meshing gear mecha- 
nism in question; 

Fig. 18 is a sectional view taken along the arrowed 
line XVIII-XVIII of Fig. 17; w 
Fig. 19 is an explanatory diagram of a conventional 
method for machining pin retaining holes; 
Fig. 20 is a diagram showing the circumferential 
surface roughness of a conventional pin retaining 
hole after broaching; is 
Fig. 21 is a diagram showing the circumferential 
surface roughness of a conventional pin retaining 
hole after grinding; 

Fig. 22 is a sectional view of a trochoidal type 
hydraulic motor shown as a conventional example 20 
of the internal meshing gear motor pump in ques- 
tion; 

Fig. 23 is a sectional view taken along the arrowed 
line XXIfl-XXIII of Fig. 22; 

Fig. 24 is an explanatory diagram of a conventional 25 
method for machining roller retaining holes; 
Fig. 25 is a diagram showing the circumferential 
surface roughness of a conventional roller retaining 
hole after broaching; and 

Fig. 26 is a diagram showing the circumferential 30 
surface roughness of a conventional roller retaining 
hole after grinding. 

Best Mode for carrying out the Invention 

35 

[0051] Hereinafter, the embodiments of the present 
invention will be described with reference to the accom- 
panying drawings. 

[0052] In appearance, the internal meshing plane- 
tary gear mechanism of the first embodiment has 40 
almost the same configuration as that shown in Figs. 17 
and 18, except in the detailed configuration of the pin 
retaining ring 1 0 constituting the internal gear 20 and in 
the method of fabricating the same. Thus, the descrip- 
tion of the first embodiment will first be directed to the 45 
method of fabricating a pin retaining ring 110 (the pin 
retaining ring of the present embodiment is designated 
by the reference numeral having the lower two digits 
identical to the reference numeral of the conventional 
pin retaining ring shown in Figs. 9 and 1 0). 50 
[0053] Generally speaking, in an internal meshing 
planetary gear mechanism of this type, the meshing 
portions and the sliding contact surfaces need to be 
made of high strength members with high precision. 
Therefore, the pin retaining ring 1 10 of the internal gear 55 
20 is generally fabricated of gray iron defined in JIS 
G5501, spheroidal graphite cast iron defined in JIS 
G5502, or aluminum alloy die-cast defined in JIS 


H5302. 

[0054] The fabrication method of the first embodi- 
ment will be described in conjunction with Figs. 1-5. 
[0055] In this fabrication method, at the first step, an 
appropriate number of bolt holes 152 are made in a pin 
retaining ring base material 151, as shown in Fig. 1. 
Then, as shown in Fig. 2, a number of pin retaining 
holes 1 13a are cut as full round holes on the pitch circle 
(a circle having a diameter of 0PCD) with a drill or the 
like. The drilling is preferably followed by reaming or fine 
boring. Here, the bore diameter 0DA of the pin retaining 
ring base material 151 is set to be smaller than the fin- 
ished diameter 0DB (Fig. 5) so that a sufficient thick- 
ness t (2 mm or greater, for example) is secured even 
when the pin retaining holes 113a are made as full 
round holes. In extreme cases, a pin retaining ring base 
material having no hole at the center (the bore diameter 
0DA = 0) may be used. 

[0056] At the next step, the inner surface of each of 
the pin retaining holes 1 13a formed as full round holes 
is finished by roller burnishing, as shown in Figs. 3 and 
4. To be more specific, tapered compaction rollers 115 
having a smooth surface are pressed into a pin retaining 
hole 1 1 3a by a tapered mandrel 156, and rotated in that 
state. This applies pressures beyond the yield point of 
the material to the inner surface of the pin retaining hole 
1 13a, so that the inner surface of the pin retaining hole 
113a undergoes plastic deformation and work harden- 
ing to be plastically worked into a smooth finished sur- 
face. 

[0057] Here, the mandrel 156 and the compaction 
rollers 155 are tapered in the directions opposite to 
each other. Their respective shaft centers CL1 and CL2 
are not parallel to each other, the shaft centers CL2 of 
the compaction rollers 155 being leaned slightly (so that 
the outermost lines of the compaction rollers 155 
become parallel to the pin retaining hole 131a). 
[0058] Then, at the final step, the bore diameter of 
the pin retaining ring base material 151 is machined 
from 0DA to the finished diameter 0DB, as shown in 
Fig. 5. As a result, each of the pin retaining holes 1 13a 
whose inner surfaces are finished as full round holes is 
opened at the side closer to the ring inner periphery, 
whereby the pin retaining ring 110 having the pin retain- 
ing holes 1 13 of half-round shape is obtained. 
[0059] In this pin retaining ring 110, the inner sur- 
faces of the roll-compacted pin retaining holes 1 13 can 
be easily set to 0.1 -0.5 urn (or < 0.1 urn) in circumferen- 
tial surface roughness as shown in Fig. 6, with the half- 
round shapes of precise dimensions. Accordingly, this 
pin retaining ring 1 10, when incorporated to produce an 
internal meshing planetary gear mechanism as shown 
in Figs. 9 and 10, can create a fluid lubrication state 
between the pins 11 and the pin retaining holes 113, 
thereby improving the sliding rotations of the pins 1 1 . 
[0060] As a result of this, it becomes possible to 
maintain excellent rolling contact with the external gears 
4; therefore, an internal meshing gear mechanism of 
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higher Efficiency, longer life, and lower noise can be 
obtained at lower costs. 

[0061] Incidentally, the external gears 4, 5a, and 5b 
may adopt a circular arc tooth profile, aside from the tro- 
choidal tooth profile. 5 
[0062] Next, the fabrication method of the second 
embodiment will be described in conjunction with Figs. 
7 and 8. 

[0063] In this fabrication method, at the first step, an 
appropriate number of bolt holes 252 are made in a pin io 
retaining ring base material 251 , and the bore diameter 
of the ring base material 251 is machined to a finished 
diameter 0DB, as shown in Fig. 7. Into this pin retaining 
ring base material 251, pin retaining hole 213a of half- 
round shape are made by broaching, gear shaping, or 15 
grinding from the inner periphery of the pin retaining 
ring base material 251 . 

[0064] At the next step, as shown in Fig. 8, a circu- 
lar guide 255 is fitted to the inner periphery of the pin 
retaining ring base material 251. This guide 255 has 20 
half-round holes 256 corresponding to the pin retaining 
holes 231a, formed in its outer periphery. The half- 
round holes 256 formed in the outer periphery of the 
guide 255 and the half-round pin retaining holes 213a in 
the pin retaining ring base material 251 constitute full 25 
round holes 257. 

[0065] Then, at the next step, the full round holes 
257 formed by the coalescence of the guide 255 and the 
pin retaining ring base material 251 are subjected to the 
same roller burnishing as that of Figs. 3 and 4, to finish 30 
the inner surfaces of the full round holes 257. 
[0066] Then, upon the completion of the finish, the 
guide 255 is finally detached from the pin retaining ring 
base material 251 to obtain a pin retaining ring 210 hav- 
ing pin retaining holes 213 of half-round shape. 35 
[0067] This method can also provide the pin retain- 
ing holes 213 of the same surface roughness and pre- 
cise half-round dimensions as those of Fig. 6, thereby 
offering the same effect upon the incorporation to an 
internal meshing planetary gear mechanism. 40 
[0068] Incidentally, phosphatic coating (chemical 
conversion coating) may be applied to the entire pin 
retaining ring 110, 210 made thus, or only the areas of 
the pin retaining holes 113, 213. The application rough- 
ens (deteriorates) the surface roughness slightly, but 45 
the nature of the phosphate allows greater retention of 
lubricating oil, which improves resistance to burning. 
Moreover, in the chemical conversion step, the smooth 
surfaces of the pin retaining holes 113, 213 eliminate 
the growth of phosphate on irregularities. As a result, so 
the prevention of initial burning by thin coating becomes 
compatible with the securement of fluid lubrication 
through the improvement in surface roughness. 
[0069] Now, description will be given of the cases 
where the present invention is applied to a hydraulic 55 
pump motor. 

[0070] In appearance, the hydraulic pump motor of 
the third (fourth) embodiment has almost the same con- 


figuration as that shown in Figs. 22 and 23, except in the 
detailed configuration of the roller retaining ring 532 
constituting the internal gear 503 and the method of fab- 
ricating the same. Thus, the description of the third 
(fourth) embodiment will be first directed to the method 
of fabricating a roller retaining ring 632, 732 (the roller 
retaining ring of the present embodiment is designated 
by the reference numeral having the lower two digits 
identical to those of the. reference numeral of the con- 
ventional pin retaining ring shown in Figs. 22 and 23). 
[0071] Generally speaking, in a hydraulic motor 
pump of this type, the meshing portions and the sliding 
contact surfaces need to be made of high strength 
members with high precision. Therefore, the roller 
retaining ring 632, 732 of the internal gear is generally 
fabricated of spheroidal graphite cast iron defined in JIS 
G5502, carbon steel for machine structural use defined 
in JIS G4501, or shaped articles of iron type sintered 
metal. 

[0072] The fabrication method of the third embodi- 
ment will be described in conjunction with Figs. 9-13. 
[0073] In this fabrication method, at the first step, an 
appropriate number of bolt holes 652 are made in a 
roller retaining ring base material 651 as shown in Fig. 
9. Here, the bore diameter 0DA3 of the roller retaining 
ring base material 651 is set to be smaller than a fin- 
ished diameter 0DB3 (Fig. 13). In extreme cases, there 
may be prepared a roller retaining ring base material 
having no hole at the center (the bore diameter 0DA3 = 
0). Then, as shown in Fig. 10, roller retaining holes 631 a 
are cut in the form of full round holes into this roller 
retaining ring base material 651 with a drill or the like. 
Here, the drilling is preferably followed by reaming or 
fine boring. 

[0074] At the next step, the inner surface of each of 
the roller retaining holes 631a formed as full round 
holes is finished by roller burnishing, as shown in Figs. 
1 1 and 1 2. To be more specific, tapered compaction roll- 
ers 165 having a smooth surface are pressed into a 
roller retaining hole 631a by a tapered mandrel 656, and 
rotated in that state. This applies pressures beyond the 
yield point of the material to the inner surface of the 
roller retaining hole 631 a so that the inner surface of the 
roller retaining hole 631a undergoes plastic deformation 
and work hardening to be plastically worked into a 
smooth finished surface. 

[0075] Here, the mandrel 656 and the compaction 
pin 655 are tapered in the directions opposite to each 
other. Their respective shaft centers CL3 and CL4 are 
not parallel to each other, the shaft centers CL4 of the 
compaction rollers 655 being leaned slightly (so that the 
outermost lines of the compaction rollers 655 become 
parallel to the roller retaining hole 631a). 
[0076] Then, at the final step, the bore diameter of 
the roller retaining ring base material 651 is expanded 
from 0DA3 to the finished diameter 0DB3, as shown in 
Fig. 13. As a result, each of the roller retaining holes 
631a whose inner surfaces are finished as full round 
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•holes is opened at the side closer to the ring Inner 
periphery, whereby a.froiler retaining ring 632 having 
roller retaining holes ' 631 of. half-round shape is 
obtained. : 

[0077] In this pin retaining ring 632, the inner sur- 
faces of the roll-compacted roller retaining holes 631 
can be easily set to 0.1-0.5 urn- in circumferential sur- 
face roughness as shown in Fig.; 14, with the half-round 
shapes of precise dimensions. Accordingly, this roller 
retaining ring 632, when incorporated to produce an 
internal meshing gear motor pump as shown in Figs. 22 
and 23, can create a fluid lubrication state between the 
rollers 533 and the roller retaining holes 631,' thereby 
improving the sliding rotations; of the rollers 533. As a 
result of this, it becomes possible to maintain excellent 
rolling contact with the J ; extemaf gear 504; therefore, an 
internal meshing gear ;motor pump of higher efficiency, 
longer life, and lower noise parr be obtained at lower 
costs. *V 
[0078] Incidentally, the external gear 504 may adopt 
a circular arc tooth profile, aside from the trochoidal 
tooth profile. 

[0079] Next, the fabrication method of the fourth 
embodiment will be described in conjunction with Figs. 
15 and 16. 

[0080] In this fabrication method, at the first step, an 
appropriate number of bolt holes 752 are made in a 
roller retaining ring base material 751, and the bore 
diameter of the ring base material 751 is machined to a 
finished diameter 0DB4, as shown in Fig. 15. Into this 
roller retaining ring base material 751, roller retaining 
hole 731a of half-round shape are cut by broaching, 
gear shaping, or grinding from the inner periphery of the 
roller retaining ring base material 751 (see Fig 24, for 
example). 

[0081] At the next step, as shown in Fig. 16, a circu- 
lar guide 755 is fitted to the inner periphery of the roller 
retaining ring base material 751. This guide 755 has 
half-round holes 756 corresponding to the roller retain- 
ing holes 731a, formed in its outer periphery. The half- 
round holes 756 formed in the outer periphery of the 
guide 755 and the half-round roller retaining holes 731a 
in the roller retaining ring base material 751 constitute 
full round holes 757. 

[0082] Then, at the next step, the full round holes 
757 formed by the coalescence of the guide 755 and the 
roller retaining ring base material 751 are subjected to 
the same roller burnishing as that of Figs. 1 1 and 12, to 
finish the inner surfaces of the full round holes 757. 
[0083] Then, upon the completion of the finish, the 
guide 755 is finally detached from the roller retaining 
ring base material 751 to obtain a roller retaining ring 
232 having roller retaining holes 731 of half-round 
shape. 

[0084] This method can also provide the roller 
retaining holes 731 of the same surface roughness and 
precise half-round dimensions as those of Fig. 14, 
thereby offering the same effect upon the incorporation 


to an internal meshing gear motor pump. 
[0085] Incidentally, as in the first and second 
embodiments described before, phosphatic coating 
(chemical conversion coating) may be applied to the 
5 entire roller retaining ring 632, 732 made thus, or only 
the areas of the roller retaining holes 631, 731. The 
application roughens (deteriorates) the surface rough- 
ness slightly, but the nature of the phosphate allows 
greater retention of lubricating oil, which improves 
w resistance to burning. Moreover, in the chemical conver- 
sion step, the smooth surfaces of the roller retaining 
holes 631, 731 eliminate the growth of phosphate on 
irregularities. Therefore, the prevention of initial burning 
by thin coating becomes compatible with the secure- 
15 ment of fluid lubrication through the improvement in sur- 
face roughness. 

Industrial Applicability 

20 [0086] As has been described above, the method of 
fabricating an internal gear according to the present 
invention is particularly suitably applied to internal 
meshing planetary gearing, or a hydraulic motor pump 
having an internal meshing planetary gear mechanism. 

25 

Claims 

1. A method of fabricating a pin retaining ring for an 
internal gear in an internal meshing gear mecha- 

30 nism, said internal meshing gear mechanism hav- 
ing said internal gear and an external gear put into 
internal mesh with said internal gear, said internal 
gear consisting of said pin retaining ring having a 
plurality of axially-extending pin retaining holes of 

35 half-round shape in its inner periphery and pins 
rotatably fitted to said respective pin retaining 
holes, said pins forming circular arc teeth with the 
portions exposed from said pin retaining holes, said 
external gear having teeth corresponding to said 

40 circular arc teeth, said method being characterized 
in comprising the steps of: 

cutting said pin retaining holes; and 
plastically finishing the inner surfaces of said 
45 pin retaining holes by roller burnishing. 

2. A method of fabricating a pin retaining ring for an 
internal gear in an internal meshing gear mecha- 
nism, said internal meshing gear mechanism hav- 

so ing said internal gear and an external gear put into 
internal mesh with said internal gear, said internal 
gear consisting of said pin retaining ring having a 
plurality of axially-extending pin retaining holes of 
half-round shape in its inner periphery and pins 

55 rotatably fitted to said respective pin retaining 
holes, said pins forming circular arc teeth with the 
portions exposed from said pin retaining holes, said 
external gear having teeth corresponding to said 


9 


17 


EP 1 046 456 A1 


18 


circular arc teeth, said method being characterized 
in comprising the steps of: 

cutting said pin retaining holes as full round 
holes into a pin retaining ring base material 5 
having such a bore diameter as to include said 
pin retaining holes in the form of full round 
holes; after said cutting step, 
plastically finishing the inner surfaces of said 
respective pin retaining holes by roller burnish- w 
ing; and after the plastic finishing step, 
expanding the bore diameter of said pin retain- 
ing ring to a finished diameter so that said 
respective pin retaining holes having their inner 
surfaces finished as the full round holes are 15 
opened at the portions closer to the ring inner 
periphery to form said pin retaining holes of 
half-round shape. 

3. A method of fabricating a pin retaining ring for an 20 
internal gear in an internal meshing gear mecha- 
nism, said internal meshing gear mechanism hav- 
ing said internal gear and an external gear put into 
internal mesh with said internal gear, said interna! 
gear consisting of said pin retaining ring having a 25 
plurality of axially-extending pin retaining holes of 
half-round shape in its inner periphery and pins 
rotatably fitted to said respective pin retaining 
holes, said pins forming circular arc teeth with the 
portions exposed from said pin retaining holes, said 30 
external gear having teeth corresponding to said 
circular arc teeth, said method being characterized 
in comprising the steps of: 

cutting opening pin retaining holes of half- 35 
round shape into the inner periphery of said pin 
retaining ring; after the cutting step, 
fitting a circular guide having half-round holes 
corresponding to said pin retaining holes 
formed in its outer periphery to the inner 40 
periphery of said pin retaining ring so that the 
half-round holes formed in the outer periphery 
of said guide and said half-round pin retaining 
holes in said pin retaining ring constitute full 
round holes; after the guide fitting step, 45 
plastically finishing by roller burnishing the 
inner surfaces of said full round holes formed 
by the coalescence of said guide and said pin 
retaining ring; and after the plastic finishing 
step, 50 
detaching said guide from said pin retaining 
ring. 

X. The method of fabricating a pin retaining ring for an 
internal gear in an internal meshing gear mecha- 55 
nism according to any of claims 1 to 3, character- 
ized in further comprising the step of: 


applying chemical conversion coating to the 
inner surfaces of said pin retaining holes after 
the completion of the plastic finishing to said 
pin retaining ring. 

5. A method of fabricating a roller retaining ring of a 
hydraulic motor pump, said hydraulic motor pump 
having an internal gear and an external gear put 
into internal mesh with said internal gear, said inter- 
nal gear consisting of said roller retaining ring hav- 
ing a plurality of axially-extending roller retaining 
holes of half-round shape in its inner periphery and 
rollers rotatably fitted to said respective roller retain- 
ing holes, said rollers forming circular arc teeth with 
the portions exposed from said roller retaining 
holes, said external gears having teeth correspond- 
ing to said circular arc teeth, said hydraulic motor 
pump utilizing a change in the volume of a space 
formed between both teeth to obtain its motor func- 
tion or pump function, said method being character- 
ized in comprising the steps of: 

cutting said roller retaining holes; and 
plastically finishing the inner surfaces of said 
roller retaining holes by roller burnishing. 

6. A method of fabricating a roller retaining ring of a 
hydraulic motor pump, said hydraulic motor pump 
having an internal gear and an external gear put 
into internal mesh with said internal gear, said inter- 
nal gear consisting of said roller retaining ring hav- 
ing a plurality of axially-extending roller retaining 
holes of half-round shape in its inner periphery and 
rollers rotatably fitted to said respective roller retain- 
ing holes, said rollers forming circular arc teeth with 
the portions exposed from said roller retaining 
holes, said external gears having teeth correspond- 
ing to said circular arc teeth, said hydraulic motor 
pump utilizing a change in the volume of a space 
formed between both teeth to obtain its motor func- 
tion or pump function, said method being character- 
ized in comprising the steps of: 

cutting said roller retaining holes as full round 
holes into a roller retaining ring base material 
having such a bore diameter as to include said 
roller retaining holes in the form of full round 
holes; after the cutting step, 
plastically finishing the inner surfaces of said 
respective roller retaining holes by roller bur- 
nishing; and after the plastic finishing step, 
expanding the bore diameter of said roller 
retaining roller base material to a finished 
diameter so that said respective roller retaining 
holes having their inner surfaces finished as 
the full round holes are opened at the portions 
closer to the ring inner periphery to form said 
roller retaining hales of half-round shape. 
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7. A method of fabricating a roller retaining ring of a 
hydraulic motor pump, said hydraulic motor pump 
having an internal gear and an external gear put 
into internal mesh with said internal gear, said inter- 
nal gear consisting of said roller retaining ring hav- 5 
ing a plurality of axially-extending roller retaining 
holes of half-round shape in its inner periphery and 
rollers rotatably fitted to said respective roller retain- 
ing holes, said rollers forming circular arc teeth with 

the portions exposed from said roller retaining 10 
holes, said external gears having teeth correspond- 
ing to said circular arc teeth, said hydraulic motor 
pump utilizing a change in the volume of a space 
formed between both teeth to obtain its motor func- 
tion or pump function, said method being character- 15 
ized in comprising the steps of: 

cutting opening roller retaining holes of half- 
round shape into the inner periphery of said 
roller retaining ring; after the cutting step, 20 
fitting a circular guide having half-round holes 
corresponding to said roller retaining holes 
formed in its outer periphery to the inner 
periphery of said roller retaining ring so that the 
half-round holes formed in the outer periphery 25 
of said guide and said half-round roller retain- 
ing holes in said roller retaining ring constitute 
full round holes; after the guide fitting step, 
plastically finishing by roller burnishing the 
inner surfaces of said full round holes formed 30 
by the coalescence of said guide and said roller 
retaining ring; and after the plastic finishing 
step, 

detaching said guide from said roller retaining 
ring. 35 

8. The method of fabricating a roller retaining ring of a 
hydraulic motor pump according to any of claims 5 
to 7, characterized in further comprising the step of: 

40 

applying chemical conversion coating to the 
inner surfaces of said roller retaining holes 
after the completion of the roller burnishing to 
said roller retaining ring. 

45 

9. Internal meshing gearing having an internal gear 
and an external gear put into internal mesh with 
said internal gear, said internal gear consisting of a 
pin retaining ring having a plurality of axially- 
extending pin retaining holes of half-round shape in so 
its inner periphery and pins rotatably fitted to said 
respective pin retaining holes, said pins forming cir- 
cular arc teeth with the portions exposed from said 

pin retaining holes, said external gears having teeth 
corresponding to said circular arc teeth, said gear- 55 
ing being characterized in that: 

said pin retaining ring for said internal gear is 


obtained by cutting said pin retaining holes and 
plastically finishing the inner surfaces of said 
cut pin retaining holes by roller burnishing. 

10. A hydraulic motor pump having an internal gear and 
an external gear put into internal meshing with said 
internal gear, said internal gear comprising a pin 
retaining ring having a plurality of axially-extending 
pin retaining holes of half-round shape in its inner 
periphery and pins rotatably fitted to said respective 
pin retaining holes, said pins forming circular arc 
teeth with the portions exposed from said pin 
retaining holes, said external gears having teeth 
corresponding to said circular arc teeth, said 
hydraulic motor pump utilizing a change in the vol- 
ume of a space formed between both teeth to 
obtain its motor function or pump function, said 
hydraulic motor pump being characterized in that: 

said pin retaining ring for said inner gear is 
obtained by cutting said pin retaining holes and 
plastically finishing the inner surfaces of said 
cut pin retaining holes by roller burnishing. 
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